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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is 1.0-3.0 so that both orientation control layers may counter mutually the substrate of the 
couple which has an electrode layer and the orientation control layer which performed uniaxial 
orientation processing. Liquid crystal display characterized by having arranged at intervals of mum and 
having arranged the liquid crystal cell which made the positive liquid crystal of the dielectric anisotropy 
which shows a nematic phase between these substrates pinch between the polarizing plates of a couple 
installed in the cross Nicol's prism state. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a homogeneous type electric-field control birefringence 
type liquid crystal display in more detail about an electric-field control birefringence type liquid crystal 
display. 
[0002] 

[Description of the Prior Art] Electric-field control birefringence type liquid crystal display mode is one 
of the liquid crystal display modes known for many years, and is ECB (Electrically controlled 
birefringence). It is also called the mode. This mode uses that liquid crystal molecular arrangement 
changes, consequently the birefringence in a cell changes with the dielectric anisotropics of liquid 
crystal, when voltage is impressed to a liquid crystal cell. Change of this birefringence appears this 
liquid crystal cell as change of a light transmittance also in two polarizing plates, and this is called ECB 
(Electrically controlled birefringence) effect. 

[0003] When displaying using this effect, it is classified into a DAP type, a homogeneous type, and a 
HAN type according to the difference in initial orientation. A HAN type has the perpendicular 
orientation of a liquid crystal molecule in respect of one substrate using Nn type nematic liquid crystal 
negative in the homeotropic orientation cell and dielectric anisotropy whose liquid crystal director is [ a 
DAP type ] perpendicular to a substrate. Although it is parallel on the other hand and the hybrid array 
nematic liquid crystal cell from which molecular arrangement is changing continuously among both 
substrates is used Here, the homogeneous orientation cell and dielectric anisotropy which the molecule 
major axis arranged in parallel to the substrate state the homogeneous type ECB mode using positive Np 
type nematic liquid crystal. 

[0004] the cell using liquid crystal with refractive-index anisotropy deltan ~ thick ~ the angle of two 
polarizing plates (Polarizer A, Analyzer C) and a x axis to make is set to phi and x for the homogeneous 
cell of d like drawing 2 , respectively Phase contrast delta is each to Retardation R and the row between 
the unusual light produced while light passes through the inside of a cell, and Tsunemitsu. R=delta n-d 

0) 

delta=2pi R/lambda = 2 pi-delta n-d/lambda (2) 

It is expressed (however, lambda is light wave length). 

[0005] Transmitted light intensity of the light which carries out incidence at right angles to a cell J=A2 
{cos2(psi-chi)-sin2psisin2chisin2 (delta/2)} (3) 
It is come out and expressed. 

[0006] When the deflecting plate of two sheets lies at right angles mutually (chi-psi=pi/2) and it is 
psi=pi/4, it is the transmitted light intensity J. J=A2sin2 =(delta/2) A2sin2 (pideltand/lambda) (4) 
It is expressed. 

[0007] Since Np type nematic liquid crystal generally used is used for the homogeneous type ECB mode 
liquid crystal device, the selection range of liquid crystal material is wide, and since the rubbing method 
initial orientation is generally also used widely, the method vacuum deposition of slanting, etc. can be 
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used, it is the feature that the stable initial orientation can be acquired. [ many ] 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the conventional homogeneous type ECB mode, 
in the state of no electric-field impressing, since it has a certain retardation, a certain coloring and a light 
transmission are in a background, and it has been thought that the fall of visual color contrast is not 
escaped (p346 - volume on 142nd committee of Japanology way promotion association "liquid crystal 
device handbook", and 349 Nikkan Kogyo Shimbun Ltd. (1989) .)• From (4) formulas, this is explained 
for presenting various hues by Retardation R, when the white light is used for the light source. 
[0009] From the first, although it has been considered to be the advantage that a multicolor display can 
be performed by one pixel, since Retardation R changes with viewing angles a lot, ECB mode has the 
problem that the viewing-angle dependency of a foreground color is large. So, when performing color 
display, it is desirable to combine a light filter and monochrome liquid crystal display rather. Moreover, 
for any uses other than color display, although it was the crack expected monochrome display, since a 
hue was presented by Retardation R, monochrome display was not able to be performed in the 
conventional ECB mode. This invention was made in consideration of such a situation, and offers the 
liquid crystal display in the possible homogeneous type ECB mode monochrome display. 
[0010] 

[Means for Solving the Problem] This invention is 1.0-3.0 so that both orientation control layers may 
counter mutually the substrate of the couple which has an electrode layer and the orientation control 
layer which performed uniaxial orientation processing. The liquid crystal display characterized by 
having arranged at intervals of mum and having arranged the liquid crystal cell which made the positive 
liquid crystal of the dielectric anisotropy which shows a nematic phase between these substrates pinch 
between the polarizing plates of a couple installed in the cross Nicol's prism state is offered. 
[0011] 

[Function] It is 1.0-3.0 in a substrate interval, i.e., cell **. From making it thin with mum, if transmitted 
light intensity serves as the maximum and sufficiently high electric field are impressed at the time of 
non-electric field, the director of a liquid crystal molecule can become almost perpendicular to a 
substrate, and cannot be penetrated from light, but can obtain good monochrome display. 
[0012] 

[Example] Hereafter, based on the example shown in a drawing, this invention is explained in full detail. 
This invention is not limited by this. 

[0013] The cross section- for explaining the structure of the liquid crystal display of this invention to 
example 1 drawing 1 is shown. Setting to drawing 1 , for a substrate, and 2a and 2b, an electrode layer, 
and 3a and 3b are [ la and lb / an orientation control layer and 4 ] positive Np of a dielectric anisotropy. 
A seal member, and 6a and 6b of a type nematic liquid crystal, and 5a and 5b are polarizing plates. 
[0014] Polarizing plates 6a and 6b are set up so that the polarization shaft may act as Naomitsu 
mutually. The homogeneous array of the liquid crystal 4 is carried out. this invention — setting ~ a cell - 
- thick ~ d ~ 1 .0-3.0 Good monochrome display was able to be obtained by making it thin with mum. 
An orientation control layer can use various methods, such as the rubbing method which carries out 
rubbing of the method vacuum deposition of slanting, or the organic orientation film. 
[0015] In performing uniaxial orientation processing to both substrates la and lb of a couple, it sticks la 
and lb substrate so that the direction of the uniaxial orientation processing may be parallel and may turn 
into an opposite direction mutually by this direction or parallel. It is parallel and the molecular 
arrangement state at the time of an opposite direction is shown for the molecular arrangement state at the 
time of this direction in drawing 3 (b) in parallel with drawing 3 (a), and mutually. Moreover, the 
molecular arrangement state when performing uniaxial orientation processing only to one side of 
Substrates la and lb is shown in drawing 3 (c). In any [ these ] case, homogeneous orientation is 
obtained. In addition, in drawing 3 , the arrow shows the uniaxial orientation processing direction. 
[0016] When the white light is used for the light source, it does not color at the time of non-electric 
field, but the white light is penetrating the transmitted light at it. Although the director shaft of a liquid 
crystal molecule and especially the angle phi that a polarizer makes are not limited, its time of phi=pi/4 
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serves as [ the transmitted light intensity at the time of non-electric field ] the maximum and is desirable. 
If electric field are impressed to this liquid crystal display, as shown in drawing 5 , liquid crystal 
molecular arrangement will change. In drawing 5 , the pre tilt of the liquid crystal molecule near an 
interface is ignoring and drawing. 

[0017] If voltage high enough is impressed, the director of a liquid crystal molecule will become almost 
perpendicular to a substrate, and light will not penetrate, but a black state will be acquired. If middle- 
electric field are impressed, the director of a liquid crystal molecule will take a middle-state, and if 
incidence of the white light is carried out, the halftone state of gray without coloring will be acquired. 
The relation between voltage and transmitted light intensity comes to be shown in drawing 6 , and a 
gradation display can be obtained by controlling voltage. 

[0018] This is desirable, when obtaining the good halftone display of repeatability and homogeneity, in 
displaying by combining TFT (TFT), for example. A viewing angle is large and it has the latus viewing- 
angle property more than a TN liquid crystal in the direction of the x axis especially in drawing 4 . Since 
a lateral latus viewing angle is searched for in the display used for television, a computer, a word 
processor, etc., it can be said that the liquid crystal display of this invention is very desirable. 
[0019] Although various methods are possible by the method of driving this liquid crystal display, it is 
desirable when the active-matrix substrate which has arranged TFT in the shape of a matrix is used. In 
this case, although both [ which show drawing 3 as the method of uniaxial orientation processing ] (a) 
(b) and (c) are possible, the method of performing uniaxial orientation processing only to the substrate in 
which TFT is not formed is desirable. 

[0020] For example, when performing uniaxial orientation processing by the rubbing method, for there 
to be much irregularity, and to be hard to perform uniform rubbing processing, and the substrate in 
which TFT is formed is easy to produce change of transistor characteristics, and dielectric breakdown 
during wiring for static electricity by rubbing. 

[002 1 ] Next, the production method and performance of the liquid crystal display of drawing 1 are 
explained. The 1000 A ITO film 2a and 2b, i.e., electrode layers, was formed by the spatter on substrate 
la and lb, the PVA film of thickness 300 ** was applied as orientation control films 3 a and 3b, and 
uniaxial orientation processing by rubbing was performed using the cloth of a rayon system. 
[0022] subsequently, these two substrates ~ the interval of 2 micrometers — separating ~ a silica spacer 
(not shown) - minding ~ the seal made of an epoxy resin — it stuck by the member 5 The direction of 
rubbing of Substrates la and lb is mutually parallel, and it was made to turn into an opposite direction 
(b of drawing 3 ). Between substrate la and lb, after pouring in the commercial nematic liquid crystal E- 
8 (Merck Co. make) from an inlet by the vacuum pouring-in method, the inlet was hardened by the 
acrylic UV hardening type resin, and the liquid crystal cell was created. 

[0023] The cell was heated to the temperature from which a liquid crystal constituent once changes to an 
isotropic liquid after pouring, it cooled after that, the polarizing plates 6a and 6b which made the upper 
and lower sides of this cell and the polarization shaft cross at right angles have been arranged further, 
and it considered as the liquid crystal display. This liquid crystal display showed the white state in the 
state of non-electric field. 60Hz square wave electric field were impressed, and the amount of 
transmitted lights was measured. The result is shown in drawing 6 . Impression of sufficiently high 
voltage acquired the perfect black state. Contrast was about 50. In 0-30V, even if it impressed the 
voltage of what value, and observed from which direction, coloring was not accepted. In the direction of 
a x axis of drawing 4 , the latus viewing angle was acquired very much. 

[0024] The active matrix liquid crystal element of the structure shown in example 2 a view 7 was 
produced in the following processes. First, Ta film was formed by the spatter on glass-substrate 11a, 
patterning was carried out to the predetermined configuration and 64 gate electrodes 12 were formed. By 
plasma CVD, continuous laminating of the SiNx film 13, the a-Si semiconductor film 14, and the SiNx 
film 15 was carried out without breaking a vacuum, and patterning of the SiNx film 15 was carried out 
to the predetermined configuration. 

[0025] By plasma CVD, n+-a-Si24 which doped Lynn was formed and patterning of this n+-a-Si film 24 
and the a-Si semiconductor film 14 was carried out. Subsequently, by the spatter, Ti film was formed, 
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patterning of this Ti film and the n+-a-Si film 24 was carried out to the predetermined configuration, and 
the 64 source electrode 1 6 and the drain electrode 1 7 were formed. The ITO film was formed by the 
spatter, patterning of this was carried out and the pixel electrode 18 was formed. Next, the ITO film 21 
was formed by the spatter on another substrate 1 1 b. 

[0026] Thus, it is Si02 with a thickness of 2000A on one pair of created substrates. Films 19a and 19b 
were formed and the PVA films 20a and 20b of thickness 300 ** were applied. The cloth of a rayon 
system was used only for substrate 1 1 b among the substrates of a couple, and uniaxial orientation 
processing by rubbing was performed. 

[0027] Subsequently, these two substrates 11a and lib were stuck by the seal member made of an epoxy 
resin through the silica spacer which separates the interval of 2 micrometers and is not illustrated. 
Among these substrates, after pouring in the commercial nematic liquid crystal E-8 (Merck Co. make) 
from an inlet by the vacuum pouring-in method, the inlet was hardened by the acrylic UV hardening 
type resin, and the liquid crystal cell was created. 

[0028] The cell was heated to the temperature from which a liquid crystal constituent once changes to an 
isotropic liquid after pouring, after that, it cooled and the polarizing plate which made the upper and 
lower sides of this cell and the polarization shaft cross at right angles further has been arranged. 
[0029] It has arranged so that it may become 45 degrees, as the angle of one polarization shaft of a 
polarizing plate and the optical axis of the liquid crystal of a cell to make shows drawing 4 , and it 
considered as the liquid crystal display. When this liquid crystal display was driven, the ten or more 
contrast good display was obtained. 

[0030] In example 3 example 1, the cell was produced like the example 1 except having changed the 
orientation film to nylon 6/6, having changed the pneumatic liquid crystal to pour in to ZLI-5080 
(Merck make), and having given rubbing only to the single-sided substrate. The white state was shown 
in the state of ***** * which performed the same measurement as the case of an example 1 , and non- 
electric field using this cell, and the same result as the case of an example 1 was obtained. The 
impression electric-field dependency of the amount of transmitted lights at the time of impressing 60Hz 
square wave electric field (permeability) is shown in drawing 8 . Moreover, when 5v [/micrometer ] 
electric field were impressed to this cell and the speed of response (time required to 90% from 10% of 
the amount change of transmitted lights) was measured, the build up time from the dark state to the 
Ming state was [ the build up time from about 650microsec and the Ming state to a dark state ] about 
SOmicrosec. 

[003 1_] In example, 4_example J , „the_ cell wa_s_produced like J^e_example_l except haying changed th e 
orientation film to LX-1400 (2 degrees of pre tilt angles [ Hitachi Chemical make : ]), having changed 
the pneumatic liquid crystal to pour in to ZLI-5080 (Merck make), and the directions of rubbing given to 
the vertical substrate being abbreviation parallel. 

[0032] When the same measurement as the case of an example 1 was performed using this cell, the 
white state was shown in the state of non-electric field, and the same result as the case of an example 1 
was obtained. The impression electric-field dependency of the amount of transmitted lights at the time of 
impressing 60Hz square wave electric field (permeability) is shown in drawing 9 . Moreover, when 5v 
[/micrometer ] electric field were impressed to this cell and the speed of response (time required to 90% 
from 1 0% of transmitted light change) was measured, the build up time from the dark state to the Ming 
state was [ the falling time from about 4.9 msec(s) and the Ming state to a dark state ] about 
900microsec. 

[0033] In example 5 example 1, the cell was produced like the example 1 except having changed the 
orientation film to LX-1400 (2 degrees of pre tilt angles [ Hitachi Chemical make : ]), and having 
changed the pneumatic liquid crystal to pour in to ZLI-5080 (Merck make). When the same 
measurement as the case of an example 1 was performed using this cell, the white state was shown in the 
state of non-electric field, and the same result as the case of an example 1 was obtained. The impression 
electric-field dependency of the amount of transmitted lights at the time of impressing a 60Hz square 
wave radio community (permeability) is shown in drawing 10. Moreover, when 5v [/micrometer ] 
electric field were impressed to this cell and the speed of response (time required to 90% from 10% of 
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[Translation done.] 
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